Sequence analysis has shown that there is a short motif of 8 amino acids, corresponding to the RNP-1 motif found In canonical RNA-blnding domains, which is common to two families of apparently unrelated proteins. Many RNA-binding proteins contain the RNP-1 and RNP-2 motifs in an RNA-binding domain. The cold shock domain (CSD) family of proteins, which includes several transcription factors which have been shown to bind to DNA, has now been identified to contain a motif similar to RNP-1. A non-redundant protein sequence database was searched with regular expressions and with a weight/residue position matrix of the RNP-1 motif resulting in the identification of numerous known members of the RNA-binding family of proteins. In addition, the search identified that the CSD-contalnlng family of proteins includes a motif which is almost Identical to the RNP-1 motif. A determination of the statistical significance of this analysis showed that the RNP-1 motifs from these two families of proteins are Indeed similar.
INTRODUCTION
Many RNA-binding proteins of varying function contain a putative RNA-binding domain encompassing a peptide of approximately 90 amino acids. Conserved octamer and hexamer motifs, RNP-1 (or RNP-CS) and RNP-2, are located within this domain (1, 2, 3) . New members of the RNA-binding family of proteins have recently been identified. These proteins are involved in very different cellular events but predominantly with a presumptive RNA metabolic function. TIA-1 protein has a function in the apoptotic pathway of cytolytic lymphocytes (4) . ASF/SF2 protein is involved in pre-mRNA splicing including alternative splicing (5, 6) . pPTB binds polypyrimidine tracts in mammalian introns to form pre-spliceosome complexes containing U2 snRNP (7) . HuD and elav proteins have a role in neuron-specific RNA splicing in humans and D.melanogaster, respectively (8, 9) . sex-lethal and transformer gene products are intimately involved in sexual development in D.melanogaster (10, 11) . bicoid protein is necessary for the specification of anterior positional values in D.melanogaster embryos (12, 13) . RNA 15 gene product plays a role in mRNA stability and/or poly-(A) tail length in S.cerevisiae (14) . In this manuscript, it is shown that the RNP-1 motif in RNA binding proteins is also found in another family of proteins which has experimentally been shown to bind RNA (15) and DNA (16) . The numbers in the first column represent the position in the query sequence of the amino acids which follow. The number following each amino acid is the weight given to that residue at that position. Negative numbers allow amino acids to be excluded (e.g. positions 5 and 7 above). This allows for an arbitrary score to be associated with each hit against the database. Searches can be limited to a range of scores.
A combination of these results is presented in the list of proteins in the Table I . These expressions were refined from a compilation of numerous searches as well as from motifs identified in ASF/SF2, TIA-1, pPTB, HuD, elav, sex-lethal, transformer, bicoid and RNA15. Some proteins not considered to be RNAbinding are identified but are not shown in the 
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Doranxc Dcronxc (17) and Altschul (18) , the RNP-1 blocks of homology are identified, with scores ranging between 18.9 and 20.8 bits, with p-values of 3.7xl0~3 and 2.1X10" 2 , respectively. In addition, BLAST3 software was used to search a database of RNA-binding proteins extracted from the SWISS-PROT database with CspA as the query sequence. BLAST3 searches for three-way alignments and can identify more distantly related domains/motifs. This query, using a PAM80 matrix, results in several hits with scores of 118 with a 2.8% chance of this arising at random in a database of 435 sequences and 165,915 residues.
RESULTS AND DISCUSSION
The diverse cellular functions and the complex structural diversity of RNA would seem to indicate that the underlying RNA-binding domain is as multifarious as the proteins. However, due to the conservation of this domain, constraints on the conformational arrangements of these proteins exist. Indeed, both biochemical and genetic analysis has shown that the conserved octamer, in particular, and the hexamer in the RNA-binding domain are primarily involved in RNA binding, although the mechanism of the specificity of binding is not yet clearly understood. Photochemical cross-linking of heterogeneous nuclear ribonucleoprotein Al revealed that specific phenylalanine residues in both motifs RNP-1 and RNP-2 are in close proximity to the bound RNA (19) . Mutagenesis of the two conserved phenylalanines, to alanines or leucines, in the RNP-1 of the E.coli rho protein effectively abolishes RNA binding (20) . Furthermore, an unodecamer containing essentially only a single RNP-1 motif from the human poly(A)-binding protein, has been shown to bind non-specifically to globin mRNA (21) .
Structural determination of the human Ul snRNP A protein RNP-CS by X-ray crystallography (22) and by NMR spectroscopy (23) have shown that this protein contains four antiparallel /S-strands and two a-helices in a )3-a-/3 motif. The RNP-1 and RNP-2 motifs are located in separate, adjacent /3-strands. Structural analogies between this Ul snRNP A protein domain and the prokaryotic RNA-binding ribosomal proteins L12 and L30 have previously been drawn (23) .
The RNP-1 motif in the RNA-binding proteins is predominantly hydrophobic in the central core region (i.e. positions 2-6), with an N-terminal basic amino acid and a C-terminal hydrophobic residue. The 7th position is the least conserved, although it is mostly a hydrophilic amino acid (i.e. glutamic acid, aspartic acid, asparagine and glutamine are the most common) or threonine. Trie hallmark of this protein motif is the residues glycine/alaninephenylalanine/tyrosine-glycine/alanine-phenylalanine/tyrosine at positions 2 -5. Indeed, these residues are present in >90% of the examples in Table I .
In this work it has been determined that RNP-1 core residues are also found in the cold shock domain (CSD). A comparison of a motif within CSD, and RNP-1 shows that seven of the eight positions are highly conserved or are conservatively replaced (Table I) (26) and the E.coli cold shock protein, CspA (16, 27) . The eukaryotic transcription factors are DNA-binding proteins which bind specifically to inverted CCAAT box sequence elements located in gene enhancers and promoters while CspA is a prokaryotic cold shock transcriptional enhancer (16) . The CSD is a peptide of about 50 amino acids which is considered to be the DNA-binding domain of these proteins (16, 24, 26, 27) . Furthermore, a member of the CSD family of proteins has recently been shown to bind RNA. p54, aX.laevis oocyte RNAbinding protein found in cytoplasmic mRNP's, binds maternal mRNA's and shows 98% identity to FRG Y2 (15) .
The C-terminal, eighth position in the motif is less conserved. In the CSD proteins, it is generally arginine. This may be responsible for the differences between the mechanisms of binding nucleic acids between these two related families of proteins. It is conceivable that the RNP-1 in the CSD-containing proteins enables them to function as both double-and single-stranded DNA-and RNA-binding proteins. The analogy between p54 and TFTHA, the X.laevis transcription factor, has previously been drawn, suggesting that the CSD-containing proteins are involved in transcription as well as in gene regulation post-transcriptionally by binding mRNA (15) .
